The essential oil components of Iranian Anethumgraveolens L.(dill) were extracted using a Clevenger-type apparatus and microwave-assisted hydro distillation and analysed by gas chromatography-mass spectrometry. A multivariate curve resolution approach was used to overcome the problem of background, baseline offset, and overlapping/embedded peaks. Based on the results related to the GC-MS, 33 and 18 components for dill oil were extracted by hydro distillation and microwave-assisted hydro distillation, respectively. The numbers were extended to 64 and 55 components with concentrations higher than 0.01 g/100 g dry-solids using chemometric techniques. The results of this study showed that hydro distillation was suitable for extraction of β-phellandrene, O-cymen, 3, 6-Dimethyl-2, 3, 3a, 4, 5, 7a-hexahydrobenzofuran, Thymol, Germacrene D, Dill Apiole, 3-Octadecyne, and Phytol; and microwave distillation was suitable for the extraction of α-pinene and α-Phellandrene.
Introduction
Anethumgraveolens L. or dill belongs to the Apiaceae (umbelliferae) family and is an annual aromatic herb well known for medical and culinary applications since ancient times. [1] Anethumgraveolens L.(dill) is believed to have originated in south-west Asia or south-east Europe. [2] A variant called east Indian dill or sowa (AnethumsowaRoxb) is cultivated in India, Egypt, and Japan. [1] Anethum grows up to 90 cm in height, with slender, alternate stem leaves, which are finally divided into three or four times slightly broader pinnate sections than similar leaves of fennel. Its yellow flower develops into umbels. [3] The well-known properties of dill as a traditional medicine such as carminative and diuretic have been reported. [4, 5] Anethum stimulates milk flow in lactating mothers and is often given to cattle for this reason. Urinary and mental disorder and piles, too, can be cured by Anethum. [6] The dill essential oil has hypo-lipidemic activity and can be a cardio-protective agent. [7] In recent years, some pharmacological effects of dill such as antibacterial, [8, 9] anti-micro-bacterial,- [10] antioxidant, [11] [12] [13] [14] and cancer chemo-preventive [15] activities have been reported. Hydro distillation is the simplest and oldest technique for the extraction of essential oils from plants. The ability of microwave radiation to heat solid material effectively can also be used for obtaining essential oils. Thus, the herb is placed in a microwave chamber and irradiated with microwaves. [16] Microwave-assisted methods have been increasingly used in the last few years especially for extraction. [17] [18] [19] [20] [21] The advantages of using microwave heating compared to conventional methods include a shorter extraction time, faster energy transfer, reduced thermal gradients within the matrix, and higher quality and quantity of the extract. [22, 23] The rate and chemical composition of the essential oil may vary due to the application of different extraction methods, and the selection of a suitable extraction technique might be important in pharmaceutical industries.
Gas chromatography-mass spectroscopy (GC-MS) was used as a powerful tool for the analysis of volatile components. The components of essential oils are often determined by GC-MS, and their qualitative and quantitative analyses are based on the retention index of gas chromatography and mass spectra. [24] Effective separation, however, is still the key to obtain information concerning components in complex samples, and, hence, great efforts are made to optimise experimental conditions. Unfortunately, despite such efforts, it is still difficult to separate all the components in complex samples. This is due to the existence of some overlapping/embedded peaks even under good separation conditions. This justifies a growing number of research in the challenging field of the resolution of overlapping signals. [25] [26] [27] [28] [29] [30] [31] [32] Chemometricians have made considerable efforts to develop methods to resolve overlapping signals from complex samples. The multivariate curve resolution (MCR) has been shown to be a powerful tool for the investigation of complex chemical systems, particularly for the investigation of chemical systems about which there was little or no previous knowledge. [33, 34] The MCR methods perform the decomposition of an experimental data matrix in the production of two simpler matrices, one related to the rows of the original data matrix (usually related to the changes in chemical composition) and another related to the columns of the original matrix (usually related to the measured instrumental or spectroscopic changes). The MCR methods can be divided into iterative and noniterative types. Some non-iterative resolution methods consist of window factor analysis (WFA), [35] subwindow factor analysis (SFA), [36] and the heuristic evolving of latent projections (HELP). [37] Two of the most widely used iterative methods were the iterative target transformation factor analysis (ITTFA) [38] and the multivariate curve resolution-alternating least squares (MCR-ALS). [39] [40] [41] The alternating least squares (ALS) has emerged as an excellent algorithm to accomplish the goals of MCR because it can easily incorporate iterative procedures for constraint implementation.
Recently, several applications of MCR-ALS to solve HPLC co-elution problems have been reported. This chemometric method has been applied to solve co-elution problems in liquid chromatography with diode array detection (LC-DAD), [42] [43] [44] [45] mass spectrometry detection (LC-MS), [46, 47] and combined data from both detectors. [48] MCR-ALS has also been applied to data acquired by gas chromatography with mass spectrometry detection (GC-MS) [46] and capillary electrophoresis with diode array detection (CE-DAD). [49] [50] [51] The main goal of this work was to compare the rate and chemical composition of essential oils of dill cultivated in Iran, extracted with two distillation methods. Essential oils of dill were extracted with the hydro distillation and microwave-assisted hydro-distillation (MWAHD) techniques and determined using GC-MS under appropriate conditions. The preprocessing of data and the determination of the chemical rank were performed. The MCR-ALS method was used for qualitative and quantitative analyses. Finally, a comparison of the components of dill volatile oils extracted by hydro distillation and microwaveassisted hydro distillation (MWAHD) was done, and a suitable technique for the extraction of major components from dill essential oil was investigated.
GC-MS data are frequently resolved using multivariate curve resolution methods. The MCR-ALS method is an iterative resolution method developed by Tauler. The data matrices can be written as in Eq. (1), where D is the data matrix of mass spectra, and matrices C and S denote the pure concentration and spectral profiles of the A chemical components.
In this equation, D is the original GC-MS data matrix with dimension (M×A). On the other hand, the matrix C has a number of rows equal to the number of samples experimentally measured, and S a number of columns equal to the number of proposed chemical contributions, describing how their concentrations change. T denotes transposition. The matrix E represents unexplained variation in data. The goal of the resolution is to obtain C and S from the matrix mixture D. The alternating least squares is optimised for the estimation of C and S. When an initial estimation of the individual mass spectra is available, the best least squares solution of the concentration profiles is calculated as:
S + is the pseudo-inverse of S matrix. On the contrary, if an initial estimation of the concentration profiles is available, the best least squares estimation of the mass spectra contribution can be estimated from:
C + is the pseudo-inverse of C matrix. The least squares solutions obtained in this way are purely mathematical solutions. However, from the chemical point of view, they probably will not be optimal. Therefore, an ALS optimisation procedure, obtained by the iteration of two equations given earlier, was started, and some constraints were added to the model.
GC-MS analyses
A GC-MS analysis was carried out by an HP-Agilent 6890 gas chromatograph fitted with a fused silica HP-5MS capillary column (30*0.25 mm i.d.; film thickness 0.25 µm). The oven temperature was set at 50°C for 5 min, and then set to soar up to the programmed mode at 3°C min −1 to 240°C , and after that it was set on the other programmed mode, 15°C min −1 to 300°C, and held for 3 min. Other operating conditions were as follows: injector temperature, 290°C; carrier gas, He (99.99%) with flow rate 0.8 mL min −1 . Injector type: split-less. The gas chromatograph was coupled with an Agilent 5973 mass selective detector. The MS operating parameters were an ionisation voltage of 70 eV; ionisation source temperature of 220°C; and an ionisation method of electron ionisation (EI).
Identification and data analysis
Identification of the components of dill volatile oils was based on calculating Kovats retention indices (RIs) and a comparison of their retention indices (RI) and mass spectra with those reported by data in the National Institute of Standards and Technology (NIST) library. A software, G1701DA MSD ChemStation, version D.00.00.38, was used for data collection and conversion to the ASCII format. Data analysis was performed using a Pentium5 HP Compaq personal computer. The computer package, MCRC, version 1.0, was used for chemometrics resolution. The library searches and spectral matching of the resolved pure components were conducted using the NIST MS data base.
Results and discussion

Qualitative analysis of dill cultivated in Iran
The total ion chromatograms (TICs) of the dill essential oils collected with two methods of extraction (hydro distillation and microwave-assisted hydro distillation) are shown in Fig. 1a and 1b, respectively. Two chromatograms demonstrate the complexity of the systems. The selected TICs show several overlapped peaks.
TICs were divided into 48 and 46 peak clusters for essential oils extracted by hydro-distillation and microwave-assisted hydro distillation (MWAHD), respectively, by using zero component regions with an elution sequence of two essential oils. Some of the sub-matrices were single component peaks, and other overlapped peaks had to be resolved into pure chromatographic profiles and mass spectra for quantitative and qualitative results.
To illustrate the resolution procedure, two peak clusters A and B that were related to the essential oils extracted with the hydro distillation and microwave-assisted hydro distillation techniques were selected respectively. The local TICs are shown in Fig. 2a Before using the curve resolution, direct library searches for these peak clusters showed no components for peak clusters A and B. In this work, data preprocessing was done, and background correction was performed using the method of Liang et al. [52] Then the morphological score method [53] and the SavitzkyGolay [54] filter were used for de-noising and smoothing, respectively. This step was necessary for obtaining accurate results. In the next step, chemical rank determination was done using the morphological score [53] and subspace comparison. [55] The plots of morphological score for peak clusters A and B are shown in Fig. 3a and 3b , respectively. These plots show that there are three components in both peak clusters A and B.
This was concluded by counting the number of singular vectors with a morphological score more than that of the noise levels. The results of using subspace comparison for peak clusters A and B are shown in Fig. 4a and 4b , respectively. These plots show the existence of three components in both A and B peak clusters. The results of subspace comparison were similar to the results of morphological score plots for the two peak clusters, A and B. Finally, the resolved pure chromatographic profile and mass spectra for each component were obtained using MCR-ALS. In the MCR-ALS window, with initial estimates of chromatographic profile obtained by EFA, [56] some constraints such as non-negativity in concentration and mass spectra, unimodality in concentration, and normalisation were applied. Figures 5a and 5b show the pure chromatograms and mass spectra obtained with MCRC software for peak clusters A and B, respectively.
After these steps, the identification of components was done by similar searches using the NIST mass database and verified with their retention indices. Resolved and standard mass spectra for components of peak cluster B, for example, have been shown in Fig. 6 . The three components were identified with this technique in both peak clusters A and B.
β-trans ocimene (0.03 g/100 g dry-solids) and Phenyl acetaldehyde (0.02 g/100 g dry-solids) existed in the peak cluster A, whileβ-Eudesmol (0.08 g/100 g dry-solids), ɑ-Eudesmol (0.06 g/ 100 g dry-solids), Juniper camphor (0.13 g/100 g dry-solids) existed in the peak cluster B. No data were found in library searches regarding any components for one of the identified components in peak cluster A with a concentration of 0.001 g/100 g dry-solids. Chemical components of dill essential oil extracted by the hydro distillation method are showed in Table 1 . The components of dill essential oil extracted with microwave-assisted hydro distillation have been presented in Table 2 .
Quantitative analysis of chemical components of dill essential oil
After the extraction of pure chromatographic profile and mass spectrum for each component, the total two-way response for each component could be obtained from the outer product of its concentration and spectrum vectors. This quantitative method is called the overall volume integration (OVI). [57] In this method, all mass spectral points are taken into consideration. The results present 64 and 55 components with a concentration higher than 0.01 g/100 g dry-solids for dill essential oil extracted by a Clevenger-type apparatus and microwave-assisted hydro-distillation shown to be 90.30% and 96.95% of the total oil, respectively. The major chemical compounds that were found in the dill volatile oil from hydro-distillation by the Clevenger-type apparatus extraction method (Table 1) were ɑ-Phellandrene (46.50 g/100 g dry-solids), β-Phellandrene (12.05 g/100 g dry-solids), O-Cymene (5.21 g/100 g dry-solids), 3,6-Dimethyl-2,3,3,a,4,5,7a-hexahydrobenzofuran (4.27 g/100 g dry-solids), DillApiole (3.98 g/100 g dry-solids), Thymol (3.22 g/100 g dry-solids), Germacrene D (3.13 g/100 g dry-solids).
The main constituent compounds that were found in the dill essential oil extracted by microwaveassisted hydro-distillation (Table 2) were ɑ-Phellandrene (64.72 g/100 g dry-solids), β-Phellandrene (11.87 g/100 g dry-solids), O-Cymene (4.58 g/100 g dry-solids), 3,6-Dimethyl-2,3,3,a,4,5,7a-hexahydrobenzofuran (3.43 g/100 g dry-solids). Table 3 compares components with a concentration higher than 1 g/100 g dry-solids in essential oil extracted by hydro-distillation and microwave assisted hydro-distillation. The suitable extraction method can be chosen on the basis of GC-MS combined with MCR-ALS analysis. Microwave-assisted hydro distillation was suitable for the extraction of α-pinene and α-phellandren, and hydro distillation was suitable for extraction of β-phellandrene, O-cymen, 3,6-Dimethyl-2,3,3a,4,5,7a- hexahydrobenzofuran, Thymol, Germacrene D, Dill Apiole, 3-Octadecyne and Phytol. Without using the chemometrics technique and by direct library searching, Gamma Terpinene, Isoterpinolene, Phytol, and Sabinen were not observed in the dill essential oil extracted with microwave-assisted hydro distillation, while results from the MCR technique showed the existence of the mentioned components in essential oil from microwave-assisted hydro distillation with concentrations 0.05 g/100 g dry-solids, 0.39 g/100 g drysolids, 0.13 g/100 g dry-solids, 0.13 g/100 g dry-solids, respectively. It is significant that in the initial results of the GC-MS technique without the use of chemometrics, Sabinen existed in the essential oil of hydro distillation with a concentration of 0.16 g/100 g dry-solids, but this compound was not observed in the microwave-assisted hydro distillation, while, after using the MCR-ALS, the obtained results showed the existence of Sabinen with a concentration of 0.13 g/100 g dry-solids in the essential oil from the microwave-assisted hydro distillation but was not observed in the volatile oil from hydro distillation.
Conclusion
In this work, two methods, hydro distillation by a Clevenger-type apparatus and microwave equipment using the chemometrics resolution technique, were compared. Essential oils from the microwave-assisted hydro distillation were analysed with GC-MS, and component characterisation was performed with direct similarity searches in the MS database attached to the GC-MS instrument. Accurate results could be obtained after the application of the chemometrics technique due to the existence of overlapping peaks in the initial experimental data. A total of 64 and 55 components with concentrations higher than 0.01 g/100 g dry-solids were identified in the essential oils extracted with hydro distillation and microwave-assisted hydro distillation with the help of the chemometrics techniques, respectively. A suitable method of extraction was selected for extract of important constituents in dill essential oils. 
